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 &]HFK7HFKQLFDO8QLYHUVLW\3UDJXH &]HFK5HSXEOLF 5DGRVODY6RYMDN *H0(FROH&HQWUDOHGH1DQWHV )UDQFH (PPDQXHO5R]LqUH 1DQWHV8QLYHUVLW\*H0,QVWLWXWH )UDQFH 6WpSKDQLH%RQQHW /DIDUJH )UDQFH $UQDXOG'HODSODFH 8QLYHUVLW\RI/D5RFKHOOH/D6,( )UDQFH 3KLOLSSH7XUFU\ 27+5HJHQVEXUJ *HUPDQ\ ,YDQ3DUL 78%UDXQVFKZHLJL%0%03$ *HUPDQ\ :LENH+HUPHUVFKPLGW 78'UHVGHQ *HUPDQ\ (JRU6HFULHUX 4XHHQ
V8QLYHUVLW\ *UHDW%ULWDLQ 6UHH1DQXNXWWDQ 'HPRFULWXV8QLYHUVLW\RI7KUDFH *UHHFH 6RX]DQD7DVWDQL %XGDSHVW8QLYHUVLW\RI7HFKQRORJ\DQG(FRQRPLFV +XQJDU\ .DWDOLQ.RSHFVNR 78'HOIW 1HWKHUODQGV *XDQJ<H 1718 1RUZD\ $QMD.ODXVHQ 6LOHVLDQ8QLYHUVLW\RI7HFKQRORJ\ 3RODQG -DFHN$*RODV]HZVNL ,6(/+LJK,QVWLWXWHRI(QJLQHHULQJ 3RUWXJDO &DUOD0DULD&RVWD 1DW/DEIRU&LY(QJ'HSIRU0DWHULDOV/1(& 3RUWXJDO 0DULD66RXVD5LEHLUR 8QLYHUVLW\RI0LQKR 3RUWXJDO 0LJXHO$]HQKD 7HL[HLUD'XDUWH(QJHQKDULDH&RQVWUXFRHV 3RUWXJDO ,YR5RVD ,QVWLWXWHIRU0DWHULDOV7HVWLQJ 6HUELD .VHQLMD-DQNRYL 8QLYHUVLW\RI1RYL6DG 6HUELD 9ODVWLPLU5DGRQMDQLQ 8QLYHUVLW\RI/MXEOMDQD 6ORYHQLD 9LROHWD%%RVLOMNRY 6ORYHQLDQ1DW%XLOGLQJDQG&LYLO(QJ,QVWLWXWH 6ORYHQLD $OMRãDâDMQD ,JPDW%XLOGLQJ0DWHULDOV,QVWLWXWH 6ORYHQLD *UHJRU7UWQLN ,7(),,QVWLWXWH&6,&*&$50$ 6SDLQ 6RILD$SDULFLR 8QLYHVLWDW3ROLWHFKQLFD0DGULG 6SDLQ -DLPH&*DOYH] <HGLWHSH8QLYHUVLW\ 7XUNH\ $OWXJ6R\OHY
8VLQJWKHSURFHGXUHGHVFULEHGDERYHLWZDVH[SHFWHGWKDWWKHVDQGZRXOGQRWEULQJDGGLWLRQDOZDWHUWRWKHPL[DQGJUDYHOZRXOGQRWDEVRUEZDWHUIURPWKHDGGHGPL[LQJZDWHU$JJUHJDWHVRI9HUFRUVFRQFUHWHKDYHD UHODWLYHO\KLJKDEVRUSWLRQFRHIILFLHQWHVSHFLDOO\ WKHFRDUVHPP DJJUHJDWH   DQG WKH  RQH  ZKLFK FRXOG OHDG WR D VLJQLILFDQWGLIIHUHQFHVLQHIIHFWLYHZDWHUWRFHPHQWUDWLRLIFODVVLFDOFRUUHFWLRQRIZDWHUZDVSHUIRUPHG,Q IDFW LQ D SUHYLRXV URXQG URELQ WHVW RI HDUO\ DJH SURSHUWLHV >@ZLWK  ODERUDWRULHV WKDWSUHSDUHG WKH VDPH PRUWDU PL[ QR UHTXLUHPHQWV ZHUH VHW IRU WKH PRLVWXUH VWDWH RI WKH
,QWHUQDWLRQDO5,/(0&RQIHUHQFHRQ0DWHULDOV6\VWHPVDQG6WUXFWXUHVLQ&LYLO(QJLQHHULQJ&RQIHUHQFHVHJPHQWRQ6HUYLFH/LIHRI&HPHQW%DVHG0DWHULDOVDQG6WUXFWXUHV$XJXVW7HFKQLFDO8QLYHUVLW\RI'HQPDUN/\QJE\'HQPDUN
DJJUHJDWHSULRUWRPL[LQJDQGWKHDPRXQWRIZDWHUWREHDGGHGGLUHFWO\LQWRWKHPL[ZDVWKHQJLYHQ E\ D VSUHDGVKHHW FRQVLGHULQJ WKH JLYHQPRLVWXUH FRQWHQW 6OXPS DIWHUPL[LQJ YDULHGIURPFORVH WR WRZHOO DERYHPP LQ WKHVHPRUWDUEDWFKHV ,Q WKH VHFRQG URXQG LWZDVSUHVFULEHGVSHFLILFDOO\WKDWWKHDJJUHJDWHZDVWREHPL[HGZLWK]HURPRLVWXUHPHDQLQJSUHGU\LQJ ,Q WKLV VHFRQG VHULHV WKH VOXPS DIWHU PL[LQJ YDULHG IURP  WR  PP ,Q WKHUHVHDUFK SHUIRUPHG E\ &RUWDV HW DO >@ GLIIHUHQW FRQFUHWHV ZHUH SUHSDUHG IURP WKH VDPHFRQFUHWHPL[WXUH E\ FKDQJLQJ RQO\ WKH LQLWLDO GHJUHH RI VDWXUDWLRQ RI OLPHVWRQH DJJUHJDWHV7KUHH GHJUHHV RI VDWXUDWLRQ ZHUH VWXGLHG QDPHO\  GU\ DJJUHJDWHV  SDUWLDOO\VDWXUDWHG DJJUHJDWHV DQG  VDWXUDWHG DJJUHJDWHV ,Q DOO PL[HV ZDWHU FRQWHQW RIDJJUHJDWHZDVPHDVXUHGHDFKWLPHDQGWKHDPRXQWRIDGGHGZDWHUDGMXVWHGSULRUWRPL[LQJ5HVXOWVRIDXWRJHQRXVDQGSODVWLFVKULQNDJHDQGSRURVLW\RIWKHVHWKUHHPL[HVFOHDUO\VKRZHGWKDW WKH HDUO\DJH EHKDYLRXU RI FRQFUHWH LV VLJQLILFDQWO\ LQIOXHQFHG E\ WKH LQLWLDO ZDWHUVDWXUDWLRQRIDJJUHJDWHV7KHUHIRUHHYHQWKRXJKWKHSURFHGXUHRISUHFRQGLWLRQLQJFKRVHQLQWKLV557ZDV VRPHZKDW FRPSOLFDWHG WLPH FRQVXPLQJ DQG VRPHZKDW GHYLDWHG IURPXVXDOSUDFWLFHLWZDVFUXFLDOWKDWDOOSDUWLFLSDWLQJODERUDWRULHVDGKHUHGWRLWDQGDVSUHDGVKHHWZDVSURYLGHG WR KHOS ZLWK WKH SURFHGXUH DQG FROOHFW LQIRUPDWLRQ DW DOO FULWLFDO OHYHOV WR FKHFNFRPSOLDQFH
 7HVWLQJPHWKRGV-XVWDIWHUPL[LQJLWZDVUHTXHVWHGWRSHUIRUPIROORZLQJPDQGDWRU\WHVWVRQIUHVKFRQFUHWH
 FRQVLVWHQF\VWDQGDUGVOXPSWHFKQLTXHDFFRUGLQJWRWKHSURFHGXUHGHVFULEHGLQVWDQGDUG(1>@ DLUFRQWHQW±RQHRIWKHWZRPHWKRGVGHVFULEHGLQVWDQGDUG(1>@ GHQVLW\±XVLQJPHWKRGVGHVFULEHGLQVWDQGDUG(1>@ LQLWLDOFRQFUHWHWHPSHUDWXUH YLVXDO DSSHDUDQFH RI WKH PL[WXUH D SKRWRJUDSK RI IUHVK FRQFUHWH LPPHGLDWHO\ DIWHUPL[LQJ DQG UHSRUW DQ\ SHFXOLDULWLHV HJ VHJUHJDWLRQ RI FRDUVH DJJUHJDWHV EOHHGLQJHWF
&RQVLVWHQF\DLUFRQWHQWDQGGHQVLW\KDGWREHUHSHDWHG WLPHVRQWKHVDPHPL[WXUHZLWKLQWKH VKRUWHVW SRVVLEOH WLPHZLQGRZ LQ RUGHU WR DGHTXDWHO\ SHUIRUP VWDWLVWLFDO DQDO\VLV RI WKHREWDLQHGUHVXOWV7LPHRIHDFKWHVWQHHGHGWREHQRWHGLQWKHSURYLGHGVSUHDGVKHHW
)URP WKH FRQFUHWH PL[ VL[ VWDQGDUG VSHFLPHQV ZHUH WDNHQ IRU GHWHUPLQLQJ WKH FRQFUHWHFRPSUHVVLYH VWUHQJWK0RVW RI WKH ODERUDWRULHV XVHG VWDQGDUG FXEHVZLWK WKH GLPHQVLRQV RIîîPP6RPHODERUDWRULHVXVHGFRQFUHWHF\OLQGHUVZLWKGLPHQVLRQPPDQGWKHLUUHVXOWVDUHDSSUR[LPDWHGWRWKDWRIVWDQGDUGFRQFUHWHFXEHXVLQJWKHSURFHGXUHJLYHQLQWKHVWDQGDUG(16SHFLPHQVQHHGHGWREHZHWFXUHGLQZDWHUDW&RULQFRQWUROOHG KXPLGLW\ HQYLURQPHQW DW PRUH WKDQ  UHODWLYH KXPLGLW\ DQG WHPSHUDWXUH RI& DV SHU WKH SURFHGXUH GHVFULEHG LQ VWDQGDUG (1  >@ &RPSUHVVLYHVWUHQJWK WHVW QHHGHG WR EH SHUIRUPHG DIWHU   UHSOLFDWHV DQG  GD\V  UHSOLFDWHVIROORZLQJ WKH SURFHGXUH GHVFULEHG LQ VWDQGDUG(1 $& >@ 7KLV SDSHURQO\ SUHVHQWV DQG DQDO\VHV WKH YDOXHV RI VOXPS FRQFUHWH WHPSHUDWXUH DQG FRPSUHVVLYHVWUHQJWKDWGD\V(DFKSDUWLFLSDWLQJODERUDWRU\ZDVDVNHGWRFRPSOHWHWKHDERYHPHQWLRQHGVSUHDGVKHHWIRUFROOHFWLQJUHVXOWVFRQVLVWLQJYDULRXVGHWDLOVLQFOXGLQJSUHFRQGLWLRQLQJUHVXOWV
,QWHUQDWLRQDO5,/(0&RQIHUHQFHRQ0DWHULDOV6\VWHPVDQG6WUXFWXUHVLQ&LYLO(QJLQHHULQJ&RQIHUHQFHVHJPHQWRQ6HUYLFH/LIHRI&HPHQW%DVHG0DWHULDOVDQG6WUXFWXUHV$XJXVW7HFKQLFDO8QLYHUVLW\RI'HQPDUN/\QJE\'HQPDUN
RI IUHVK DQG KDUGHQHG VWDWH SURSHUWLHV DV ZHOO DV WR SURYLGH VHYHUDO SKRWRJUDSKV RI WKHFRQFUHWH PL[ /DERUDWRULHV ZHUH UHTXLUHG WR KLJKOLJKW WKH GHYLDWLRQV LI DQ\ IURP WKHSUHVFULEHGSURFHGXUHVIRUSUHFRQGLWLRQLQJPL[LQJDQGFXULQJDVZHOODVHYHQWXDOGHYLDWLRQVIURPWKHSURFHGXUHRIWHVWLQJGHVFULEHGLQWKHUHTXLUHGVWDQGDUGV
 $QDO\VLVPHWKRGV)RUWKHDQDO\VLVRIUHVXOWVDEDVLFVWDWLVWLFDOWRROZDVXWLOLVHG6WDWLVWLFDODQDO\VLVFRPSULVHGRIFDOFXODWLQJ WKHPHDQYDOXHDQGWKHVWDQGDUGGHYLDWLRQERWKIRUHDFKSDUWLFLSDWLQJ ODERUDWRU\DQG IRU WKH FRQFUHWHSURSHUWLHVDQGJHQHUDOPHDQRI WKHJURXS IRUHDFKSURSHUW\FKHFNLQJQRUPDOLW\ RI REWDLQHG GDWD ILWWLQJ GLVWULEXWLRQ DQG FKHFNLQJ IRU RXWOLHUV XVLQJ 0DQGHO¶VVWDWLVWLFVDOOLQDFFRUGDQFHZLWKWKHVWDQGDUG,62>@
0HDQ YDOXH  DQG VWDQGDUG GHYLDWLRQ  RI HDFK SURSHUW\ ZHUH FDOFXODWHG IRU HDFKODERUDWRU\XVLQJIROORZLQJH[SUHVVLRQV
     
    
ZKHUH± QLM±QXPEHURIUHSOLFDWHVWHVWUHVXOWV± \LMN±VLQJOHUHVXOW
1H[WDJHQHUDOPHDQ DQGVWDQGDUGGHYLDWLRQ IRUHDFKSURSHUW\ZDVFDOFXODWHGEDVHGRQDOOPHDQYDOXHVREWDLQHGE\GLIIHUHQWODERUDWRULHVXVLQJIROORZLQJH[SUHVVLRQV
     
    
ZKHUH± SM ±QXPEHURIODERUDWRULHV
7KH UHODWLYH GLVWULEXWLRQ RI REWDLQHG YDOXHV ZDV FDOFXODWHG IRU HDFK WHVWHG SURSHUW\ E\JURXSLQJ UHVXOWV LQ FODVVHV DQG GHWHUPLQLQJ IUHTXHQF\ RI FHUWDLQ REWDLQHG YDOXH 2QFH WKHUHODWLYH GLVWULEXWLRQ ZDV NQRZQ LW ZDV SRVVLEOH WR HYDOXDWH ZKHWKHU GDWD ZDV IROORZLQJ D1RUPDOGLVWULEXWLRQ1RUPDOLW\ WHVWZDVSHUIRUPHGYLVXDOO\E\SORWWLQJ44SORWVVKRZLQJHPSLULFDOYDOXHVYVWKHRUHWLFDOYDOXHVDFFRUGLQJWRWKH1RUPDOGLVWULEXWLRQIXQFWLRQ
2XWOLHUV ZHUH LGHQWLILHG XVLQJ 0DQGHO¶V N DQG K VWDWLVWLFV 0DQGHO¶V K FRHIILFLHQW VKRZVEHWZHHQODERUDWRU\FRQVLVWHQF\VWDWLVWLFVIRUHDFKODERUDWRU\DQGLVFDOFXODWHGXVLQJIROORZLQJHTXDWLRQ
,QWHUQDWLRQDO5,/(0&RQIHUHQFHRQ0DWHULDOV6\VWHPVDQG6WUXFWXUHVLQ&LYLO(QJLQHHULQJ&RQIHUHQFHVHJPHQWRQ6HUYLFH/LIHRI&HPHQW%DVHG0DWHULDOVDQG6WUXFWXUHV$XJXVW7HFKQLFDO8QLYHUVLW\RI'HQPDUN/\QJE\'HQPDUN
     
)RU WKH QXPEHU RI ODERUDWRULHV LQYROYHG  S !  D QXPEHU RI UHSOLFDWHV ZLWKLQ HDFKODERUDWRU\ IRU HDFKSURSHUW\Q   DQG D VLJQLILFDQFH OHYHO  WKHK FRHIILFLHQW IRU HDFKODERUDWRU\VKRXOGEHORZHUWKDQ>@,IWKHFRHIILFLHQWHVWLPDWHGIURPWKHGDWDLVEH\RQG YDOXH REWDLQHG E\ WKLV ODERUDWRU\ ZDV FRQVLGHUHG WR EH DQ RXWOLHU 7KLV EHWZHHQODERUDWRU\ FRQVLVWHQF\ LV RI DFWXDO LQWHUHVW LQ WKH557 VLQFH LW VKRZV KRZ FRQVLVWHQW WKHUHVXOWVDUHIRUHDFKODERUDWRU\DVFRPSDUHGWRWKHZKROHJURXS0DQGHO¶VNFRHIILFLHQWVKRZVZLWKLQODERUDWRU\FRQVLVWHQF\DQGLWLVFDOFXODWHGXVLQJWKHIROORZLQJHTXDWLRQ
     
)RUQXPEHURI ODERUDWRULHVS! DQXPEHURI UHSOLFDWHVZLWKLQ HDFK ODERUDWRU\ IRU HDFKSURSHUW\Q DQGDVLJQLILFDQFHOHYHOWKHNFRHIILFLHQWIRUHDFKODERUDWRU\VKRXOGEHORZHU WKDQ  >@ ,I WKH FDOFXODWHG FRHIILFLHQW LV EH\RQG  WKH DQDO\VHG YDOXH LVFRQVLGHUHG WR EH DQ RXWOLHU 7KLV ZLWKLQODERUDWRU\ FRQVLVWHQF\ LV SRWHQWLDOO\ PRUH RI DQLQWHUHVW IRU WKH LQGLYLGXDO ODERUDWRULHV VLQFH LW VKRZV KRZ WKHLU RZQ GHYLDWLRQZLWKLQ RQHVSHFLILFSURSHUW\LVFRQVLVWHQWZLWKWKHGHYLDWLRQRIWKHJURXS
 5HVXOWV
 &RQVLVWHQF\&RQVLVWHQF\XVLQJVOXPSYDOXHZDVFRQVLGHUHGDVRQHRIWKHPDLQSDUDPHWHUVIRUGHWHUPLQLQJLIWKHSDUWLFLSDWLQJODERUDWRULHVXVHGWKHVDPHSURFHGXUHDQGZKHWKHUWKHVDPHFRQFUHWHZDVREWDLQHG&RQVLVWHQF\LVYHU\VHQVLWLYHWRHYHQDVPDOOGLIIHUHQFHLQZDWHUFRQWHQWWKHUHIRUHLWZDVH[SHFWHGWKDWDQ\SRWHQWLDOGLIIHUHQFHLQHIIHFWLYHZDWHUWRFHPHQWUDWLRZRXOGEHHYLGHQWLQWKHVOXPSYDOXHV7KHLQGLYLGXDOPHDQYDOXHIRUHDFKSDUWLFLSDQWDQGWKHVWDQGDUGGHYLDWLRQFDOFXODWHGIURPWKUHHUHSRUWHGYDOXHVRIREWDLQHGVOXPSDUHSUHVHQWHGLQ)LJXUH
7KHKRUL]RQWDOOLQHLQ)LJXUHLQGLFDWHVWKHYDOXHRIWKHJHQHUDOPHDQRIDOOVOXPSYDOXHVIRUWKHHQWLUHJURXSFDOFXODWHGDFFRUGLQJ WRHT ZKHUHDV WKHGRWWHG OLQHVFRUUHVSRQG WR WKHPHDQYDOXHWZRJHQHUDOVWDQGDUGGHYLDWLRQVFDOFXODWHGDFFRUGLQJWRHTZKLFKVKRXOGSUHVHQWRIDOOREWDLQHGYDOXHVLQWKHFDVHEHKDYLRXUIROORZV1RUPDOGLVWULEXWLRQ,QWRWDORQO\YDOXHVRIVOXPSDUHSUHVHQWHGEHFDXVHWKHYDOXHVRIWZRODERUDWRULHVZHUHQRWWDNHQLQWRDFFRXQW IRU VWDWLVWLFDO DQDO\VLV2QH ODERUDWRU\ LQGLFDWHG VSUHDGYDOXH LQVWHDGRI VOXPSYDOXHDQGWKHVHFRQGKDGH[WUHPHO\KLJKDLUFRQWHQWZKLFKLQIOXHQFHGDOORWKHUSURSHUWLHVDQGZDVDWWKLVSRLQWFRQVLGHUHGDVDQLQWHUQDOHUURUGXULQJPL[LQJ
5HSRUWHGYDOXHVRIVOXPSDUHEHWZHHQWRPPZLWKJHQHUDOPHDQRIWKHJURXSEHLQJPPDQGVWDQGDUGGHYLDWLRQPP7KHUHIRUHDOOFRQFUHWHPL[HVIDOOLQWRFRQVLVWHQF\FODVV6RU6ZLWKPRVWODERUDWRULHVDFKLHYLQJFRQFUHWHFRQVLVWHQF\FODVV6&RQFUHWHZDVIRXQGWRKDYHFULWLFDOVWDELOLW\DQGVRPHODERUDWRULHVUHSRUWHGWKDWLWZDVSURQHWRVHJUHJDWLRQ
,QWHUQDWLRQDO5,/(0&RQIHUHQFHRQ0DWHULDOV6\VWHPVDQG6WUXFWXUHVLQ&LYLO(QJLQHHULQJ&RQIHUHQFHVHJPHQWRQ6HUYLFH/LIHRI&HPHQW%DVHG0DWHULDOVDQG6WUXFWXUHV$XJXVW7HFKQLFDO8QLYHUVLW\RI'HQPDUN/\QJE\'HQPDUN
,QGHHGRQO\DIWHUWKHH[SHULPHQWDOUHVXOWVZHUHFROOHFWHGLWZDVUHDOL]HGWKDWWKHFHPHQWWKDWZDVVKLSSHGWRSDUWLFLSDQWVZDVQRWWKHVDPHFHPHQWXVHGIRUWKHRSWLPLVDWLRQRIWKHPL[HV(YHQWKRXJKWKH\DUHERWK2UGLQDU\3RUWODQGFHPHQWZLWKVWUHQJWKFODVVSURGXFHGLQWKHVDPHFHPHQWSODQW WKH\GLIIHU LQ WKHDPRXQWRI&$&HPHQWXVHGGXULQJ WKHRSWLPLVDWLRQSURFHVVZDV&(0,1&(&31)ZLWKRI&$DQG%ODLQHDUHDFPJZKLOHFHPHQW DFWXDOO\ VKLSSHG WR SDUWLFLSDQWV HQGHG WR EH &(0 ,  165 &( 30&3 1)+5&ZLWKRI&$DQG%ODLQHDUHDFPJ,WLVH[DFWO\WKLVGLIIHUHQFHLQWKHFHPHQWWKDW FDXVHG WKHPL[ WR VKRZ VLJQV RI VHJUHJDWLRQ VLQFH WKH DPRXQW RI VXSHUSODVWLFL]HU DQGZDWHU ZDV QRW RSWLPLVHG IRU WKLV FHPHQW 'XULQJ WKH0DLQ SKDVH WKH PL[HV ZLOO DJDLQ EHRSWLPLVHGWDNHQLQWRDFFRXQWWKLVQHZW\SHRIFHPHQW
)LJXUH,QGLYLGXDOPHDQYDOXHVDQGVWDQGDUGGHYLDWLRQRIREWDLQHGVOXPSYDOXHV
)LJXUH'LIIHUHQWYLVXDODSSHDUDQFHRIIUHVKFRQFUHWHLQGLIIHUHQWODERUDWRULHV
















0HDQYDOXHRIHDFKSDUWLFLSDQW *HQHUDOPHDQ PD[ PLQ
,QWHUQDWLRQDO5,/(0&RQIHUHQFHRQ0DWHULDOV6\VWHPVDQG6WUXFWXUHVLQ&LYLO(QJLQHHULQJ&RQIHUHQFHVHJPHQWRQ6HUYLFH/LIHRI&HPHQW%DVHG0DWHULDOVDQG6WUXFWXUHV$XJXVW7HFKQLFDO8QLYHUVLW\RI'HQPDUN/\QJE\'HQPDUN
PHDQWKHKFRHIILFLHQWFDQKDYHSRVLWLYHDQGQHJDWLYHYDOXH6RPHSDUWLFLSDQWVGLGQRWUHSRUWDOO WKUHH YDOXHV RI VOXPS RU REWDLQHG WKH VDPH YDOXH WKUHH WLPHV OHDGLQJ WR N FRHIILFLHQWHTXDOWR
D E )LJXUHD44SORWDQGEUHODWLYHGLVWULEXWLRQRIVOXPSYDOXHV
D E )LJXUHD0DQGHO¶VKDQGE0DQGHO¶VNFRHIILFLHQWVIRUVOXPSYDOXHV
$FFRUGLQJ WR 0DQGHO¶V K FRHIILFLHQW WKH VOXPS YDOXHV REWDLQHG E\  ODERUDWRULHV DUHFRQVLGHUHG DV RXWOLHUV VLQFH WKH\ KDYH VLJQLILFDQWO\ GLIIHUHQW YDOXHV VWDWLVWLFDOO\ WKDQ WKHJHQHUDO PHDQ ZKLFK OHG WR K FRHIILFLHQWV ELJJHU WKDQ  /DERUDWRU\  REWDLQHG DVLJQLILFDQWO\ ORZHU YDOXH RI VOXPS  PP FRPSDUHG WR RWKHU ODERUDWRULHV DQG WR WKHJHQHUDOPHDQPP)URPWKHUHSRUWREWDLQHGE\WKLVODERUDWRU\LWEHFDPHREYLRXVWKDWWKH UHFRPPHQGHG SURFHGXUH IRU SUHFRQGLWLRQLQJ RI PDWHULDOV ZDV QRW IROORZHG DQG WKDWFRQFUHWHZDVDFWXDOO\PL[HGZLWKGU\JUDYHODQGGU\VDQG LQVWHDGRI IXOO\ VDWXUDWHGJUDYHODQGGU\VDQG(YHQWKRXJKWKHDPRXQWRIZDWHUDGGHGWRWKHPL[ZDVFRUUHFWHGDFFRUGLQJO\ZKLFK OHG WR WKH FRQFUHWH ZLWK WKH VDPH HIIHFWLYH ZDWHUWRFHPHQW UDWLR QHYHUWKHOHVV WKHFRQFUHWH REWDLQHG KDG VLJQLILFDQWO\ GLIIHUHQW FRQVLVWHQF\ DQG ZDV WKHUHIRUH UHFRJQLVHG DVRXWOLHU 7KLV H[DPSOH VWURQJO\ KLJKOLJKWV WKH HIIHFW RI DJJUHJDWH VWDWH FRQFHUQLQJ ZDWHUFRQWHQWDQGWKHHIIHFWLWKDVRQFRQFUHWHIUHVKSURSHUWLHV




























































FRHIILFLHQW7KHUHDVRQIRUWKLVKLJKGHYLDWLRQLV WKHORVVRIZRUNDELOLW\RIPL[GXULQJWLPH0DLQO\ODERUDWRU\REWDLQHGWZRILUVWYDOXHVRIVOXPSVLPLODUWRWKHJHQHUDOPHDQYDOXH,WLVRQO\WKHWKLUGYDOXHRIVOXPSWKDWZDVORZHUWKDQWKHJHQHUDOPHDQZKLFKLQGLFDWHVWKDWWKHVOXPS WHVWLQJ ZDV SHUIRUPHG DW WKH WLPH ZKHQ PL[ ZDV VWDUWLQJ WR ORVH LWV ZRUNDELOLW\7KHUHIRUHIRUIXWXUHWHVWLQJLWVKRXOGEHVWULFWO\SUHVFULEHGDWZKDWWLPHFHUWDLQWHVWLQJQHHGVWREHSHUIRUPHGLQUHODWLRQWRWKHLQVWDQWDWZKLFKFHPHQWDQGZDWHUZHUHPL[HG
)LQDOO\ ODERUDWRULHV  DQG  KDG VRPHZKDW ELJJHU YDOXHV RI VOXPS  DQG  PPUHVSHFWLYHO\ FRPSDUHG WR RWKHU ODERUDWRULHV %RWK RI WKHVH ODERUDWRULHV IROORZHG WKHSUHVFULEHG SURFHGXUH $W WKH VDPH WLPH LQ WKH FDVH RI ERWK ODERUDWRULHV DIWHU  GD\V RISUHFRQGLWLRQLQJ JUDYHO WKH DPRXQW RI ZDWHU LQ WKH JUDYHO ZDV KLJKHU WKDQ UHSRUWHG ZDWHUDEVRUSWLRQ7KLVDGGLWLRQDOZDWHUZDVQRWVXEWUDFWHGDQGZDVDGGHGWRWKHPL[WRJHWKHUZLWKWKHJUDYHO ,W LV WKHUHIRUHSRVVLEOH WKDW WKLVDGGLWLRQDOZDWHUDGGHGWRJHWKHUZLWK WKHJUDYHOFDXVHGVOLJKWO\KLJKHUYDOXHVRIVOXPS+RZHYHU WKHVHREWDLQHGYDOXHVVKRXOGEHORRNHGDWIURPWKHSUDFWLFDOSRLQWRIYLHZ'LIIHUHQFHRI±PPLQVOXPSYDOXHRQPHDQVOXPSKLJKHUWKDQPPVKRXOGQRWEHFRQVLGHUHGDVVLJQLILFDQWDQGWKHVOXPSVKRXOGDFWXDOO\EHFRQVLGHUHGDVIDOOLQJWRWKHVDPHFRQVLVWHQF\FODVV>@
 &RQFUHWHWHPSHUDWXUH$QRWKHULPSRUWDQWSDUDPHWHUXVHGWRFULWLFDOO\UHYLHZWKHSUHFRQGLWLRQLQJSURFHGXUHZDVWKHWHPSHUDWXUH RI IUHVK FRQFUHWH 6LPLODUO\ WR WKH ZDWHU FRQWHQW WKH WHPSHUDWXUH RI IUHVKFRQFUHWHKDVDVLJQLILFDQWLQIOXHQFHRQLWVIUHVKVWDWHSURSHUWLHV7KHLQGLYLGXDOPHDQYDOXHIRUHDFK SDUWLFLSDQW DQG VWDQGDUG GHYLDWLRQ FDOFXODWHG IURP WKUHH UHSRUWHG YDOXHV RI UHSRUWHGFRQFUHWHWHPSHUDWXUHDUHSUHVHQWHGLQ)LJXUH
)LJXUH,QGLYLGXDOPHDQYDOXHVDQGVWDQGDUGGHYLDWLRQRIREWDLQHGFRQFUHWHWHPSHUDWXUH




















,W FDQ EH REVHUYHG WKDW YDOXHV DUH QRUPDOO\ GLVWULEXWHG VLQFH WKHUH LV D OLQHDU UHODWLRQVKLSEHWZHHQ HPSLULFDO YDOXH RI JHQHUDO PHDQ DQG WKHRUHWLFDO YDOXH DFFRUGLQJ WR 1RUPDOGLVWULEXWLRQ)XUWKHUPRUH LI WKH UHODWLYHGLVWULEXWLRQ LVREVHUYHG VLPLODU WR VOXPSYDOXHV LWFDQEHFRQFOXGHGWKDWWKHWHPSHUDWXUHYDOXHVIROORZWKH1RUPDOGLVWULEXWLRQZLWKWKHPHDQYDOXHVKDYLQJWKHKLJKHVWIUHTXHQF\
































 GD\FRPSUHVVLYHVWUHQJWK&RPSUHVVLYH VWUHQJWK LV RQH RI WKH PRVW LPSRUWDQW SHUIRUPDQFH LQGLFDWRUV WR DVVHVV WKHVLPLODULW\ RI FRQFUHWH PL[HV ,Q WKH IUDPH RI WKH ,QLWLDO SKDVH ERWK GD\ DQG GD\VVWUHQJWKV ZHUH UHTXHVWHG IURP WKH SDUWLFLSDQWV +RZHYHU KHUHDIWHU UHVXOWV RI RQO\ GD\VWUHQJWKZLOOEHSUHVHQWHGDQGGLVFXVVHG)LJXUHVKRZVYDOXHVRIPHDQFRPSUHVVLYHVWUHQJWKIRU HDFK SDUWLFLSDWLQJ ODERUDWRU\ WRJHWKHU ZLWK D JHQHUDOPHDQ RI DOO YDOXHV IRU WKH HQWLUHJURXSFDOFXODWHGDFFRUGLQJWRHTDQGWZRVLGHGSHUFHQWLOH
)LJXUH,QGLYLGXDOPHDQYDOXHVDQGVWDQGDUGGHYLDWLRQRIREWDLQHGGD\FRQFUHWHFRPSUHVVLYHVWUHQJWK
,QWRWDOYDOXHVRIGD\VFRPSUHVVLYHVWUHQJWKZHUHFROOHFWHG7KHREWDLQHGYDOXHVRIGD\VFRPSUHVVLYHVWUHQJWKDUHEHWZHHQDQG1PPZLWKWKHJHQHUDOPHDQRIWKHJURXSEHLQJ1PPDQGVWDQGDUGGHYLDWLRQ1PP7KHFRHIILFLHQWRIYDULDWLRQZDV,WFDQEHREVHUYHGWKDWPRVWRIWKHYDOXHVUHSRUWHGE\GLIIHUHQWODERUDWRULHVIDOOLQWRWKHUDQJHRI  SHUFHQWLOH /RRNLQJ DW WKH 44 SORW DQG KLVWRJUDP VKRZQ LQ )LJXUH  D DQG EUHVSHFWLYHO\LWFDQEHREVHUYHGWKDWYDOXHVDOVRIROORZD1RUPDOGLVWULEXWLRQ















































0HDQYDOXHRIHDFKSDUWLFLSDQW *HQHUDOPHDQYDOXH PD[ PLQ
,QWHUQDWLRQDO5,/(0&RQIHUHQFHRQ0DWHULDOV6\VWHPVDQG6WUXFWXUHVLQ&LYLO(QJLQHHULQJ&RQIHUHQFHVHJPHQWRQ6HUYLFH/LIHRI&HPHQW%DVHG0DWHULDOVDQG6WUXFWXUHV$XJXVW7HFKQLFDO8QLYHUVLW\RI'HQPDUN/\QJE\'HQPDUN
WKH SURFHGXUH LQ GHWDLO /DERUDWRULHV  DQG  DUH UHFRJQLVHG DV RXWOLHUV DFFRUGLQJ WR WKHLU0DQGHO¶V N FRHIILFLHQW VLQFH WKH\ REWDLQHG KLJKHU VWDQGDUG GHYLDWLRQ ZLWKLQ WKHLU UHVXOWVFRPSDUHGWRWKHJURXS
D E )LJXUHD44SORWDQGEUHODWLYHGLVWULEXWLRQRIGD\VFRPSUHVVLYHVWUHQJWK
D E )LJXUHD0DQGHO¶VKDQGE0DQGHO¶VNFRHIILFLHQWVIRUGD\FRPSUHVVLYHVWUHQJWK
(YHQ WKRXJK YDOXHV RI FRPSUHVVLYH VWUHQJWK VHHP WR KDYH KLJK GLVSHUVLRQ GDWD UHSRUWHGVKRXOGEHUHYLHZHGIURPSUDFWLWLRQHUV¶SHUVSHFWLYH$FFRUGLQJWR(XURSHDQVWDQGDUG(1DQGFRQIRUPLW\FRQWUROSURFHGXUHIRUDFFHSWDQFHRIFRQFUHWHGXULQJSURGXFWLRQPHDQYDOXHRIWHVWHGFRQFUHWHVKRXOGEHJUHDWHURUHTXDOWRFKDUDFWHULVWLFFRPSUHVVLYHVWUHQJWK[VWDQGDUGGHYLDWLRQZKLOHPLQLPDOYDOXHREWDLQHGVKRXOGEHJUHDWHURUHTXDOWRFKDUDFWHULVWLFFRPSUHVVLYHVWUHQJWKPLQXV1PP7DNLQJLQWRDFFRXQWWKDWE\GD\VDURXQGRIGD\VVWUHQJWKLVDFKLHYHGH[SHFWHGJHQHUDOPHDQRIGD\VVWUHQJWKLVDURXQG1PPDQGPLQLPDO YDOXH DURXQG  1PP 7KHUHIRUH LW FDQ EH FRQFOXGH WKDW DOO FRQFUHWH PL[HVSUHSDUHGLQGLIIHUHQWODERUDWRULHVFRPSO\LQJZLWKWKHVDPHFRQFUHWHFODVV&





























































FRQFHUQLQJ GLIIHUHQW VWHSV LQ SUHSDUDWLRQ DQG WHVWLQJ RI FRQFUHWH7KH UHVXOWV DQG VWDWLVWLFDODQDO\VHV WKDW ZHUH SUHVHQWHG VWURQJO\ KLJKOLJKW WKH SDUDPRXQW LPSRUWDQFH RI GHWDLOHG DQGULJRURXVSUHSDUDWLRQRIWKHH[SHULPHQWDOFDPSDLJQ7KHPRUHGHWDLOVDUHSUHVFULEHGWKHOHVVRI D GLIIHUHQFH LV REWDLQHG LQ WKH ILQDO YDOXHV RI GLIIHUHQW FRQFUHWH SURSHUWLHV 7KLV LVHVSHFLDOO\WKHFDVHIRUZDWHUVDWXUDWLRQOHYHORIDJJUHJDWHVDQGLWVLQIOXHQFHRQWKHUHVXOWLQJFRQVLVWHQF\RIFRQFUHWH)XUWKHU LWZDVREVHUYHG WKDW LW LVRIFUXFLDO LPSRUWDQFH WRKDYHDOOLQIRUPDWLRQ IURP SDUWLFLSDQWV RYHU WKH FRQFUHWH SUHSDUDWLRQ 6XFK GHWDLOV EHFRPH FUXFLDOZKHQWU\LQJWRH[SODLQVLJQLILFDQWGLIIHUHQFHVRFFXUULQJZLWKLQWKHODERUDWRULHV)LQDOO\LWFDQEHFRQFOXGHGWKDWLIDOOWKHGHWDLOVDUHSUHVFULEHGDQGDOOSDUWLFLSDQWVIROORZWKHJXLGHOLQHVWKHDSSURDFK WR 557 HPSOR\HG LQ WKLV LQLWLDWLYH LV YDOLG PHDQLQJ WKDW FRQFUHWH ZLWK VLPLODUSURSHUWLHVFDQEHSUHSDUHG([SHULHQFHJDWKHUHGGXULQJ WKH ,QLWLDOSKDVHZLOOEHXVHG LQ WKH0DLQSKDVHRI557ZKHUHWKHIRFXVZLOOEHRQQRQVWDQGDUGL]HGDQGDGYDQFHWHFKQLTXHVIRUWHVWLQJFHPHQWLWLRXVEDVHGPDWHULDOVDQGVWUXFWXUHV
$FNQRZOHGJPHQW7KHUHVHDUFKSHUIRUPHGZLWKLQ WKH&267$FWLRQ LVRQYROXQWHHULQJEDVLV VLQFH WKHUH LVQREXGJHWIRUHVHHQIRUUHVHDUFKDFWLYLWLHV$XWKRUVZRXOGOLNHWRH[SUHVVWKHLUVLQFHUHJUDWLWXGHWRDOO SDUWLFLSDWLQJ ODERUDWRULHV IRU WKHLU GHGLFDWHG ZRUN ZLWKLQ WKLV H[SHULPHQWDO FDPSDLJQ$XWKRUV DOVR DFNQRZOHGJH ILQDQFLDO VXSSRUW RI(') )UDQFH&(9$/RJLVWLFV$XVWULD DQG*HUPDQ\2H%%,QIUD$XVWULD6WDWHQ9HJYHVHQ1RUZD\DQG6FKOHLELQJHU*HUDWH*HUPDQ\7KH VXSSRUW RI WKH UHVHDUFK QHWZRUN&26778 &267$VVRFLDWLRQ LV DOVR JUDWHIXOO\DFNQRZOHGJHG
5HIHUHQFHV>@ (XURFRGH'HVLJQRIFRQFUHWHVWUXFWXUHV(1>@ 7KHILE0RGHO&RGHIRU&RQFUHWH6WUXFWXUHV>@ %HXVKDXVHQ+)HUQDQGH]/3HUIRUPDQFH%DVHG6SHFLILFDWLRQVDQG&RQWURORI&RQFUHWH'XUDELOLW\6WDWHRIWKH$UW5HSRUW5,/(07&36&5,/(0>@ KWWSIUDPLDQGRFRP(')YHUFRUVSURMHFWKWPO>@ %M¡QWHJDDUG0DUWLXV+DPPHU7$.UDXVV0%XGHOPDQQ+5HFRPPHQGDWLRQIRU7HVW0HWKRGV IRU$'DQG7'RI(DUO\$JH&RQFUHWH5RXQG5RELQ'RFXPHQWDWLRQ5HSRUW3URJUDP7HVW5HVXOWVDQG6WDWLVWLFDO(YDOXDWLRQ5,/(0>@ &RUWDV55R]LqUH(6WDTXHW6+DPDPL$/RXNLOL$'HOSODQFNH2JOHWUH03(IIHFW RI WKHZDWHU VDWXUDWLRQ RI DJJUHJDWHV RQ WKH VKULQNDJH LQGXFHG FUDFNLQJ ULVN RIFRQFUHWHDWHDUO\DJH&HPHQW	&RQFUHWH&RPSRVLWHV±>@ (17HVWLQJIUHVKFRQFUHWH±3DUW6OXPSWHVW>@ (17HVWLQJIUHVKFRQFUHWH$LUFRQWHQW3UHVVXUHPHWKRGV>@ (17HVWLQJIUHVKFRQFUHWH'HQVLW\>@(17HVWLQJKDUGHQHGFRQFUHWH3DUW0DNLQJDQGFXULQJVSHFLPHQVIRUVWUHQJWKWHVWV>@(1  7HVWLQJ KDUGHQHG FRQFUHWH  3DUW  &RPSUHVVLYH VWUHQJWK RI WHVWVSHFLPHQV>@ ,62$FFXUDF\ WUXHQHVV DQGSUHFLVLRQ RIPHDVXUHPHQWPHWKRGV DQG UHVXOWV 3DUW  %DVLF PHWKRG IRU WKH GHWHUPLQDWLRQ RI UHSHDWDELOLW\ DQG UHSURGXFLELOLW\ RI DVWDQGDUGPHDVXUHPHQWPHWKRG>@KWWSZZZFRQFUHWHRUJXNILQJHUWLSVQXJJHWVDVS"FPG GLVSOD\	LG 
